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Purpose: It  is commonly believed that the incidence of deep venous thrombosis (DVT) in 
hospitalized children is less than in adults. However, it is possible that the disease is 
significantly tmderdiagnosed in children because the index of suspicion of pediatric 
practitioners i low, a substantial number of patients may have no symptoms, and DVT 
screening isnot routinely performed. We therefore tmdertook a prospective study to define 
the incidence of DVT in hospitalized children with no symptoms. 
Methods: Patients included in the study were those yotmger than 18 years of age who were 
hospitalized for more than 72 hours and were identified to have two or more risk factors 
for the development ofDVT and had had at least one screening duplex scan. Risk factors 
for the development of DVT considered were a history of DVT or pulmonary embolism, 
recent operation, immobilization, trauma, stroke or acute neurologic deficit, the presence 
of cancer, sepsis, greater than 150% ideal body weight, a hypercoagulable state, and the 
presence of a femoral venous catheter. 
Results: Over the 9-month period ending December 1994, 1997 patients 17 years of age 
and younger were admitted to the hospital, and 59 patients including 19 girls and 40 boys 
were enrolled in the study. The one patient with DVT was a 17-year-old boy hospitalized 
after a motor vehicle accident with blunt head trauma and a neurologic deficit who 
underwent multiple orthopedic and neurosurgical procedures. 
Conclusions: The development of acute DVT in children is unusual. As a result, DVT 
prophylaxis and screening is unnecessary in young children with only two risk factors for 
the development ofthe disease. Young age appears to be an important protective risk factor 
for the prevention of DVT. (J Vasc Surg 1996;24:46-50.) 
It is well recognized that deep venous thrombosis 
(DVT) of the lower extremities i a very common 
complication in hospitalized adults, and the risk 
factors for the development of the complication are 
well known)  s In contrast, it is generally believed that 
DVT of the lower extremities rarely occurs in chil- 
dren. 6,7 Consequently, the diagnosis of DVT may be 
overlooked even in patients with symptoms because 
the index of suspicion for the presence of the disease 
is low. The true incidence of DVT may be further 
underestimated because the symptoms and signs of 
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DVT may be minimal or absent, 8 and children do 
not undergo screening for DVT as hospitalized 
adults at risk often do. It  is therefore possible that 
the incidence of DVT and pulmonary embolism 
(PE) in children and adolescents may not bc as low 
as generally perceived because of a failure to rec- 
ognize the disease. 9-11 We therefore undertook a 
prospective study to define the incidence of DVT in 
hospitalized children. 
METHODS 
The study was performed at the University of 
Massachusetts Medical Center, a tertiary referral 
center for the treatment of children except newborns, 
from April i to December 31, 1994. A daily review of 
the inpatient census identified patients admitted to 
the hospital who were 17 years of age or younger. 
Those who were hospitalized for longer than 72 hours 
became ligible for inclusion in the study, and their 
medical records were screened and their cases re- 
viewed with the physicians or nurses caring for the 
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paticnt. Those patients with two or more prospec- 
tively defined risk factors for the development ofDVT 
(Table I) qualified for inclusion in the study. The 
research protocol was approved by the Committee 
for the Protection of Human Subjects in Research at 
the University of Massachusetts Medical Center. In- 
formed consent was obtained from a parent or legal 
guardian fbr each individual enrolled in the study. A 
separate assent form was signed by individuals 12 
years of  age and older who were physically and 
mentally able to engage in a discussion of  the goals 
and procedures of the study. 
The risk factors considered for the purpose of this 
study included those clinical situations uggested in 
the literature to predispose pediatric patients to have 
DVT so that the subset of  all pediatric admissions 
most at risk could be thoroughly studied to define the 
incidence of  DVT. Patients were considered to have a 
history of  DVT or PE if they had undergone objective 
testing in the past documenting the presence of the 
disease process. A major operative procedure was 
defined as one lasting more than 1 hour. Bedrest as a 
risk factor does not apply to all children because 
neonates are nonambulatory and are always "at bed- 
rest." Therefore a risk factor was identified in children 
whose usual activity was restricted for 3 or more days 
by the circumstances oftheir hospitalization. Trauma 
was defined as a risk factor if the hospitalization 
occurred fbr treatment of an injury. A risk factor was 
also identified for patients with a new stroke or other 
central nervous ystem deficit. The presence of a solid 
tumor or hematologic malignancy was considered to 
add a risk l[actor for the development of DVT. Sepsis 
was defined as the presence of positive blood or spinal 
fluid cultures or hospital admission for the manage- 
ment of  sepsis syndrome in the absence of positive 
cultures. Obesity was defined as having a measured 
weight of greater than 50% above ideal weight for age 
and height. A hypercoagulable state was identified in 
those children with an objectively diagnosed hyper- 
coagulable syndrome or a clinical diagnosis of a 
nonneoplastic disease process associated with clotting 
such as ulcerative colitis or nephrotic syndrome. The 
presence of an indwelling line in the deep veins of the 
lower extremities was identified as a risk factor as well. 
Once the patient was enrolled in the study, his or 
her cliuical course was monitored for the continued 
presence of risk factors for the development of DVT. 
Patients underwent weekly duplex scans to identify 
the possible presence of deep venous thrombosis as 
long as two or more risk factors were present. Each 
inpatient's course was followed so that further screen- 
ing tests could be performed if he or she had the 
Table I. Deep risk factors for the development 
of venous thrombosis in children 
Risk factor Reference 
A history of DVT/PE 17 
Operative procedure 10,11,19 
Immobifization 11,20,21 
Trauma 6,9,10,19-21 
Stroke/acute' neurologic deficit 17 
Cancer 9,10,19,21 
Sepsis 6,10-12,19 
Obesity 10,19 
Hypercoagutable state 11,19 
Indwelling femoral venous line 6,11,12,19 
rcturn of two risk factors for the dcvclopmcnt of DVT. 
Duplex scanning was used to document the pres- 
ence of DVT in the proximal leg veins (the popliteal, 
superficial femoral, common femoral, and iliac veins) 
and was performed by one of three registered vascular 
technologists in the vascular laboratory at the Uni- 
versity of Massachusetts Medical Center. Imaging of 
tibial veins was not attempted because of the technical 
difficulty associated with this procedure in small 
children. The presence of DVT was identified by the 
presence of a filling defect within the lumen of  the vein 
and the presence ofnoncompressibility and an abnor- 
mal Doppler signal within the lumen of the vein. If  
DVT was identified, the patient's attending physician 
was notified, and decisions regarding therapy of the 
DVT were left to his or her clinical judgment. 
The results of autopsies performed on pediatric 
patients over the time period of the study were 
reviewed to identify the possible presence of DVT or 
PE in patients who died while hospitalized. 
RESULTS 
A total of 59 patients, 19 girls and 40 boys, were 
enrolled in the study. The mean age was 10 years with 
an SD of 5.6 years. The age grouping of patients 
enrolled in the study is demonstrated in Fig. 1. The 
distribution of risk factors identified is summarized in
Table II. None of the patients enrolled in the study 
underwent anticoagulation r received DVT prophy- 
laxis. No children were admitted to the hospital with 
a diagnosis of lower extremity DVT. 
The distribution of the sum of risk factors present 
prompting each duplex scan and the results of the 93 
screening duplex scans performed are outlined in 
Table III. The one pediatric patient with DVT was a 
17-year-old boy hospitalized after a motor vehicle 
accident who sustained blunt trauma nd a neurologi- 
cal deficit and who underwent multiple orthopedic 
and neurosurgical procedures. His recent head injury 
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Fig. 1. Age distribution of children in study. 
Table II. Frequency of risk factors present in 
patients undergoing 93 DVT screening procedures 
Risk factor No. times identified 
History of DVT/PE 1 
Major operation 60 
Immobility 92 
Trauma 55 
Stroke/neurologic deficit 6 
Cancer 1 
Sepsis 15 
Obesity 4 
Hypercoagulable state 3 
Femoral vein line 4 
Table II I .  Distribution of sum of risk factors 
and results of duplex scan DVT screening 
No. screening No. positive 
No. risk factors duplex scans scans 
2 55 0 
3 31 0 
4 6 1 
5 1 0 
precluded anticoagulation, so a Greenfield inferior 
vena cava filter was placed. 
Three autopsies were pertbrmed on the 12 pedi- 
atric patients who died during the study period. No 
evidence of DVT or PE was identified in any of these 
postmortem examinations. 
During the 9-month period the study was in 
progress, 1997 patients who were 17 years of age or 
younger were admitted to the hospital. If it is as- 
sumed that no episode of DVT was missed by our 
patient identification and DVT screening protocol, 
the calculated incidence of DVT in hospitalized 
children is 0.05%. 
DISCUSSION 
The development ofDVT in hospitalized adults is 
common, but clinical experience suggests that DVT 
in hospitalized children is rare. 6,7 However, it is 
possible that the incidence may be underestimated by 
practitioners who have a low index of suspicion in 
their pediatric patients. 9,1° Consequently, diagnostic 
testing may not be considered even in patients with 
typical symptoms. 6 For example, symptoms of leg 
swelling may be attributed to fluid overload instead of 
DVT, and tachypnea and hypoxemia may be attrib- 
uted to postoperative pneumonia or atelectasis n- 
stead of pulmonary embolism.7 In an autopsy series of 
pediatric patients believed to have clinically significant 
pulmonary emboli, deep venous thrombosis was only 
considered as a part of the differential diagnosis in one 
third of cases of those patients who were documented 
to have had symptoms, n Accurate diagnosis of DVT 
may be further complicated by the fact that both adult 
and pediatric patients often have no symptoms. 7'8,12 
Studies in adults show that only 50% of hospitalized 
adults who have postoperative DVT have any identi- 
fiable symptoms. 4'5'8 Similarly, an autopsy series of 
pediatric patients demonstrated that only 50% of 
patients believed to have clinically significant pulmo- 
nary embolism had signs and symptoms of DVT 
noted before their death. ~ Therefore accurate diag- 
nosis of DVT in patients of any age can be made only 
by periodic venous duplex surveillance testing in 
patients who are at increased risk--a practice not 
performed with pediatric patients. This is the first 
study to prospectively identify children at risk for the 
development of DVT and screen for the presence of 
DVT by objective means. 
Conversely, the incidence of DVT in children may 
be overstated in the literature, because many reports 
of DVT in children include patients in whom a clinical 
diagnosis of DVT was not confirmed by objective 
testing. 6'1° Experience with the clinical diagnosis of 
DVT in adults suggests that only 50% of individuals 
thought to have DVT on clinical evaluation are found 
to have DVT when studied with objective tests, ~3 ~ 
and the clinical diagnosis of DVT is probably just as 
nonspecific in children. 16'17 
Despite the fact that we have shown that the 
incidence of DVT in children is low, it is quite likely 
that the true incidence ishigher than the 1.2 cases per 
10,000 pediatric admissions incidence noted by Buck 
et al. ll The incidence of DVT is clearly affected by the 
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diagnoses and the age distribution towards the teen- 
age group, who have a high incidence of  multiple risk 
factors after blunt trauma in motorcycle and automo- 
bile accidents. 
In this study and others l°'n children have been 
shown to have an incidence of  DVT lower than that o f  
adults, but the reasons for this difference have not 
been defined. It  is possible that the short hospital stays 
o f  pediatric patients limit our access to these individu- 
als to perform screening tests to define the presence of  
DVT. However, this seems unlikely to explain the 
large differences in incidence observed between these 
groups. Furthermore, some children did have long 
hospital stays for application of  orthopedic traction, 
for example, and they did not have a higher risk of  
having DVT. In general, children arc more active than 
adults, and early mobilization and early hospital 
discharge may provide protection from the develop- 
ment o f  DVT. In the adult population advancing age 
has been defined as a very important risk factor for the 
development o f  DVT, 3,9'18'19 with the incidence of  
DVT increasing exponentially with age. This fact 
suggests that young individuals may be protected by 
some intrinsic quality that diminishes with advancing 
age. 
Although the development o f  deep venous 
thrombosis in pediatric patients is unusual, it certainly 
does occur and can be complicated by the develop- 
ment o f  pulmonary embolism and the long-term 
sequelae of  the postphlebitic syndrome. A diagnosis 
of  DVT should be considered in patients with symp- 
toms such as unilateral eg swelling or pain or with 
pulmonary symptoms that may be a reflection of  
pulmonary embolism. The low incidence of  DVT 
noted in this study suggests that DVT screening in 
patients who are at low risk and have no symptoms is
not appropriate and that DVT prophylaxis is unnec- 
essary in pediatric patients with fewer than three risk 
factors for rile development o f  DVT. Further study is 
required to determine the need for screening or 
prophylaxis in pediatric patients with three or more 
risk factors for the development o f  DVT. 
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DISCUSSION 
Dr. William W. Babson (Plymouth, Mass.). I con- 
gratulate you on studying these issues. I think that he more 
we understand about DVT and risk factors the better, but I 
would like to take issue with your statement that obesity is 
a risk factor. This has commonly been touted as a risk factor, 
and over the past year I have had a chance to review in some 
depth the data that this is based on, and I do not believe it 
is a risk factor. A recent review in the New England Journal 
of Medicine arlier this year dealing with risk factors stated 
that it was "equivocal." Dr. Blackburn has stated on record 
that there are no studies, good studies, that show obesity is 
a risk factor. The revicw of bariatric surgery literature does 
not show it to bc a risk factor, but it is confusing, and it is 
quite variable. Some of your other isk factors, also, I think 
the data are questionable. 
I would recommend, particularly today in the legal 
environment that we face ourselves and perhaps being 
forced to use heparin more and more, that we look morc 
closely at what in fact are true risk factors. 
Dr. Michael J. Rohrer (Worcester, Mass.). The aim of 
this study was not to identify and validate those risk factors 
for the development of DVT that apply to children but 
rather to develop athorough list of risk factors that had been 
implicated from previous tudies and case reports. Because 
obesity has been suggested tobe a risk factor, it was included 
in our list of risk factors. 
Dr. William C. Johnson (Manchester, Mass.). How 
many children did you have with femoral catheters? 
Dr. Rohrer. Femoral venous catheters were an identi- 
fied risk factor in four children included in the study. Each 
was in for only a brief period of time. The fact that these 
children were included in a prospective study looking at the 
incidence of DVT made us all quite conscious of the risk of 
the development of DVT associated with femoral venous 
lines, and therefore fforts were made to remove these lines 
promptly. 
Dr. Michael A. Ricci (Burlington, Vt.). Presumably 
there is something active in children that is protecting them 
from deep venous thrombosis that does not happen to exist 
in adults. When does it switch? 
Dr. Rohrer. We lmow from epidemiologic studies, the 
Worcester DVT study, for example, that the incidence of 
DVT increases steadily and exponentially with increasing 
age, especially over 40 years. The incidence isalready very 
low when one gets down to the young adult age group. We 
have not identified any age at which there is an abrupt 
change in the risk of having DVT. 
